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1 Introduction
In this contribution, we discuss provisioning of guard periods in UL backhaul subframes. In case of DL backhaul subframes, guard periods are needed between the Rel-8 PDCCH region and backhaul PDSCH region. During the guard periods, the relay node (RN) can switch between the TX RF and RX RF chain using the DL carrier frequency. The guard periods can be provided by puncturing OFDM symbols at the start and end of the backhaul PDSCH region or by an appropriate control of the timing difference between the backhaul and access subframes [1][2][3]. In addition, the RN can place fractional symbol resolution of timing skew between the backhaul and access subframe timing in order to provide additional timing protection, by utilizing the UL timing adjustment functionality supported in LTE Rel-8. The above approaches can similarly be applied to the case of UL backhaul subframes as well. However, one small difference to be taken into account for the UL case is that only backhaul signals can be sent in UL backhaul subframes from the RN to the donor eNB, unlike DL backhaul subframes where the macro link PDCCH symbols are TDM multiplexed with the backhaul PDSCH symbols. 
2 Need for guard period between subframes
Table 1 summarizes when a guard period is needed between subsequent subframes for the cases that at least one of the two subframes is an UL backhaul subframe.
Table 1: Guard period configuration between two subsequent subframes at RN
	Subframe configuration
	1st subframe
	2nd subframe
	Need for guard period between the two subframes

	FDD/TDD 
UL to UL
	UL Access (RX)
	UL Backhaul (TX)
	Yes

	
	UL Backhaul (TX)
	UL Access (RX)
	Yes

	
	UL Backhaul (TX)
	UL Backhaul (TX)
	No

	TDD 
DL to UL
	DL Backhaul (RX)
	UL Backhaul (TX)
	Yes

	
	DL Access (TX)
	UL Backhaul (TX)
	Yes

	TDD 
UL to DL
	UL Backhaul (TX)
	DL Backhaul (RX)
	Yes

	
	UL Backhaul (TX)
	DL Access (TX)
	Yes


2.1 FDD/TDD UL to UL
In this subframe transition case, when an UL backhaul subframe neighbors an UL access subframe, a guard period is necessary to provide TX/RX RF chain switching time between the two subframes, where the TX RF chain is for transmission in the backhaul link and RX RF chain is for reception in the access link. The guard period also provides protection against the overlap between the access and backhaul subframes, possibly caused by the timing drifts in the backhaul and access links, including the delay of the received signals at the RN [2]. It is noted that the RN itself can control the UL access link timing by sending TA (timing adjustment) commands to the UEs served by the RN to synchronize the signals from the UEs with its reference UL reception timing. 
For the last case of two neighboring UL backhaul subframes, a guard period would not be needed as no RF switching is needed and the backhaul link from the RN to the donor eNB is maintained during the two subframes.
2.2 TDD DL to UL

In case of TDD DL to UL transitions, a guard period is needed in the transition from DL backhaul subframe to UL backhaul subframe (similar to LTE TDD). This is for provisioning the switching time from the RX RF to TX RF chain, similar to the cases of transitions between UL backhaul and UL access subframes discussed in the previous section. On the other hand, it is not so clear for the transitions from DL access (TX) to UL backhaul (TX) subframes where the RF chain change does not occur. However, a guard period would be needed in this case as well, due to potentially different timing drifts between the access and backhaul links. In the UL backhaul link, the RN has to adjust its UL backhaul transmission timing in accordance to the TA commands received from the eNB. However, the RN may not be able to instantly adjust its DL access link timing accordingly, because instant change of DL transmission timing in the access link can degrade the DL reception performance at the UEs served by the RN. Thus, a guard time should be placed to allow for the RN to advance the UL backhaul subframe timing upon reception of the timing advance TA command from the donor eNB without overlap with the DL access subframe.
2.3 TDD UL to DL
The discussion in Section 2.2 applies to this subframe configuration as well. As in the other cases that the transition between TX and RX functionality occurs at the subframe boundary, a guard period is necessary between the UL backhaul and DL backhaul subframes to provide time for the RX-to-TX RF switching. For the case of UL backhaul to DL access subframes, similar to the case of DL access to UL backhaul subframe transitions, placing a guard period will enable the RN to delay the transmission timing in the UL backhaul subframe without overlap to the DL access subframe, upon reception of the delay TA command from the donor eNB.
3 Provisioning of guard period
From Table 1 and the discussion in the previous section, it can be observed that a guard period (GP) is needed in UL backhaul subframes whenever the backhaul subframe neighbors an access subframe or a DL backhaul subframe. The GP should be placed at the boundary of the UL backhaul subframe and its neighboring subframe. The only exceptional case that a GP is not necessary is when two UL backhaul subframes neighbor each other, but this case is not expected to happen frequently. Therefore, for simplicity, a single identical structure can be adopted for UL backhaul subframes as shown in Figure 1, irrespective of the types of neighboring subframes. Figure 1 illustrates as an example the case that an UL backhaul subframe neighbors UL access subframes at the start and end of the backhaul subframe. We simply assume that the LTE Rel-8 PUSCH structure is adopted for transmissions in the UL backhaul link.
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Figure 1: Example guard period configuration in an UL backhaul subframe
In Figure 1, the GPs are provided by puncturing the 1st and last symbols in the backhaul subframe. During the punctured symbol duration, the RN can switch between the RX and TX chain for reception in the access link and transmission in the backhaul link, respectively. It is noted that the transmission timing adjustment in the UL backhaul link due to a TA command from the donor eNB will not be larger than 16.7 s (= length of the extended CP) according to the specification in LTE Rel-8. Thus, having one symbol duration as a guard period will be sufficient to avoid the overlap between the symbols from the backhaul link and from the access link. 
A drawback of the structure, which may be unavoidable as in the case of DL backhaul subframe [1], is that the two punctured symbols cannot be used for the transmission of UL backhaul traffic. Another potential issue is that it is difficult to support transmission of sounding RS (SRS) from the RN to the donor eNB if the UL transmissions from the macro cell UEs to the eNB occur in the other RBs in the backhaul subframe. This would not be a problem if SRS transmission from the RN does not need to be supported (FFS). It is noted that the macro cell UEs can transmit SRS in the last SC-FDMA symbol as specified in LTE Rel-8, as no signal is sent from the RN in the last symbol.
4 Conclusions

In this contribution, we have investigated the support of guard period in UL backhaul subframes. The guard period is needed between an UL backhaul subframe and its neighboring subframe in order to provide switching time to the RF chain and/or provide protection against the timing drift between the backhaul subframes and access subframes. These requirements can be met by placing guard periods at the start and end of each backhaul subframe. However, potential support of SRS transmission from the RN could affect the previous structure and it is FFS whether SRS transmission from the RN is needed or not. 
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